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ABSTRACT

Intermixing of line heights in a buffered printer 1s ac-
complished by storing a different byte in a forms con-
trol buffer for each line of coded character data 1n a
page to be printed. As the coded data of each line 1s
advanced for printing by an arrangement which modu-
lates a laser beam during scanning across a printable
medium to effect the printing, the byte within the forms
control buffer corresponding to the hine about to be
printed causes selection of the number of scans of the
laser beam to be used in printing the line, thereby de-
termining the height of each line independently of the
other lines in the page. Blank lines in the page are
formed by channel commands to the printer which
instruct an address register associated with the forms
control buffer to be incremented to cause skipping to a
particular channel number identified by one of the
bytes in the forms control buffer or to cause spacing by
a specified number of lines. Each time the address
register is incremented a special coded character byte
is inserted into the page being made up of the coded
character data. Upon printing the occurrence of each
special coded byte causes inhibiting of the pnnting
arrangement, thereby forming a blank hne.

16 Claims, 5 Drawing Figures
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INTERMIXED LINE HEIGHTS AND BLANK LINE
FORMATION IN A BUFFERED PRINTER

BACKGROUND OF THE INVENTION 5

1. Field of the Invention

The present invention relates to printers of the type
which print characters in response to coded digital
data, and more particularly to arrangements within
such printers for varying the heights of printed lines 10
and for inserting blank lines into a form.

2. History of the Prior Art

Printers of the type which print graphic characters in
response to coded character data in binary form have
found widespread use in many data processing opera- 13
tions and systems. Such printers respond to the tncom-
ing coded character data to physically print the graphic
characters represented by the character data as defined
by the code thereof. The printing operation can assume
various different forms including the well-known im-
pact printer in which each segment of the coded char-
acter data results in the selection of a prece of type or
other raised indicia. The selected piece of type strikes
a piece of paper or other printable medium to effect
printing of the desired graphic character.

Prior art printers of the type described suffer from a
number of disadvantages which often limit their useful-
ness. One limitation of such printers relates to the diffi-
culties in varying the heights of the characters in the
lines being printed. Depending upon system design,
character height is typically difficult or impossible to
vary. In particular it is impossible to vary the height of
characters from one line to the next so as to intermix
lines of different height within a given page being
printed. Further disadvantages reside both in the na-
ture of the printer itself and in the particular techniques
which must be employed to insert blank lines into a
form being printed. For example, 1t would be desirable
to be able to insert blank lines into a form as it is being
made up using simple digital techniques which result in
a blank line during the subsequent printing process.

BRIEF DESCRIPTION OF THE INVENTION

The present invention provides for intermixed line 4
heights and blank line insertion in a buffered printer by
using a forms control buffer which stores a plurality of
forms control bytes, each corresponding to a different
line of a page being made up for printing. The page is
made up in a page buffer in which coded character data s,
is stored, line by line, as received. Each forms control
byte includes a bit identifying the height of the charac-
ters in a corresponding line 1in the page buffer. The
forms control bytes also identify channel numbers for
subsequent reference by channel command words 55
transmitted from a data processing unit to which the
printer is ultimately coupled. The forms control bytes
are themselves communicated to the printer and stored
in the forms control buffer by channel command words
from the data processing unit, as are the coded charac- 60
ter bytes representing characters to be printed. An
address register associated with the forms control buf-
fer is incrementable between the various storage loca-
tions of the forms control buffer to skip to and address
a particular forms control byte stored within the forms ¢5
control buffer or to space through a selected number of
the forms control bytes in response to instructions from
a channel command.
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The data assembled in the page buffer is loaded, one
line at a time, into a line buffer within a character
generator where the contents of the line buffer and the
corresponding forms control byte in the forms control
buffer are examined. The character generator responds
to each character byte in the line buffer by selecting a
corresponding group of character image bits which
define the modulation required of a scanning laser
beam to effect printing of the desired character on a
printable medium sensitive to the laser beam. The sys-
tem effects printing on the medium, one line at a time,
by undergoing a succession of scans across the print-
able medium and modulating the laser beam in accor-
dance with the various sets of character image bits
selected by the data in the line buffer. Prior to printing
each line the corresponding forms control byte in the
forms control buffer is examined to determine the de-
sired character height of the line. This information is
used in a scan counter to determine the number of
scans of the laser beam to be used in printing the line.
If the maximum character height is selected, then the
maximum number of scans per line is used in printing
the line. If a character height less than the maximum 1s
dictated, then selected ones of the scans at the begin-
ning and at the end of the scanning sequence for the
line are deleted.

Blank lines are inserted in the page as it is made up 1n
the page buffer by channel command words, the -
structions from which specify by channel number or
spacing number the next line to be entered into the
page buffer upon completion of entry of each line in
the page buffer. If the channel command specifies the
next line to be printed in terms of a particular forms
control byte, the system responds by incrementing the
address register so as to skip to a location where the
address register addresses the forms control byte defin-
ing the selected channél number. Alternatively the
channel command specifies the number of times the
address register is to be incremented before the next
line to be printed is entered. Upon each such incre-
menting of the address register a special coded byte 1s
entered in the page buffer to indicate the presence of a
blank line. As previously noted each line from the page
buffer is examined as it is entered in the line buffer of
the printing arrangement. If a special coded byte 1s
detected, a latch associated with the line buffer is set,
and the printing arrangement is momentarily inhibited
so as to leave a blank line of specified height on the
printable medium.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular description of a preferred embodi-
ment of the invention, as illustrated in the accompany-
ing drawings, in which:

FIG. 1 is a basic block diagram showing the manner
in which printers according to the invention are cou-
pled to a data processing unit via a main channel,

FIG. 2 is a block diagram of the basic components
comprising the printer shown in FIG. 1;

FIG. 3 is a block diagram illustrating a portion of the
printer of FIG. 1 in detail;

FI1G. 4 is a block diagram illustrating another portion
of the printer of FIG. 1 in detail; and,

F1G. § i1s a graphical illustration of the forms control
buffer and associated components and the manner in
which the printing of blank lines is facilitated.
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DETAILED DESCRIPTION

FIG. 1 illustrates a data processing system 10 which
includes a printer 12 in accordance with the invention
coupled to a main channel 14 of a data processing unit
or computer 16. The printer 12 comprises an input/out-
put device, and the main channel 14 may be and is
typically coupled to other input/output devices illus-
trated as 18 in FIG. 1.

The general operation of the data processing system
10 in conjunction with the printer 12 is described in
detail in a co-pending application, Ser. No. 522,998,
Gerald 1. Findley, PRINTER. As described in that ap-
plication the data processing unit 16 which typically
includes a central processing unit and a main store
communicates with the printer 12 and the other input-
[output devices 18 via the main channel 14. Character
code bytes, each of which represents a different char-
acter to be printed by the printer 12, are originated in
the data processing unit 16 and are communicated to
the printer 12 as part of a channel command word sent
to the main channel 14. Other channel command words
originating in the data processing unit 16 include cer-
tain operating constants used in the printer 12 and
certain instructions for the operation of the printer 12.

FIG. 2 shows the basic arrangement of the printer 12

of FIG. 1 according to the invention. The printer 12

includes a native channel 20 coupled to the main chan-,

nel 14 via a channel attachment 21 and providing ap-
propriate interface between the main channel 14 and
the printer 12. Data from the data processing unit 16 1s
communicated over the main channel 14 to the chan-
nel attachment 21 where it is carried by a data in bus 22
within the native channel 20 to an instruction execu-
tion unit (IEU) 24. The data in bus 22 also provides
data to the instruction execution unit 24 from imaging
apparatus 26 and a character generator 27. The imag-
ing apparatus 26 is coupled to the native channel 20 via
an imaging attachment 28, and the character generator
27 is coupled to the native channel 20 via a character
generator attachment 29, Data at the output of the
instruction execution unit 24 is carried by data and
control out buses 30 to the character generator 27, the
imaging apparatus 26 and the native channel 20.

The instruction execution unit 24 stores the data
from the data processing unit 16 and executes the in-
structions provided by the various microroutines of
microprograms loaded by the printer’'s user from a
flexible disk storage. The microprograms define eight
prioritized levels, during the last of which various com-
mands from the main channel 14 are executed. Execu-
tion of the various microroutines initiates operation of
the imaging apparatus 26, processes the data to be
printed into an appropriate form for communication to
the character generator 27, operates the character
generator 27 to provide sets of character image bits
corresponding to characters to be printed to the imag-
ing apparatus 26, and operates the imaging apparatus
26 to effect printing of the desired characters.

The operation of the various components of the
printer 12 shown in FIG. 2 is described in detail in the
previously referred to co-pending application, Ser. No.
522,998.

Selected portions of the instruction execution unt 24
and the character generator 27 are illustrated in FIG. 3.
The instruction execution unit 24 includes a writable
control storage area providing for most of the various
components shown in FIG. 3. The various components
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4

are set up within the writable control storage area using
data and instructions communicated over the main
channel 14 from the data processing unit 16.

Data representing characters to be printed i1s commu-
nicated by the data processing unit 16 and mitially
stored in the instruction execution unit 24 in the form
of a succession of 8 bit character code bytes, with each
byte representing a character to be printed. As illus-
trated in FIG. 3 the eight bit character code bytes
which comprise the user print data portion of channel
command words originated in the data processing unit
16 and communicated into the main channel 14 are
directed via the native channel 20 to an intermediate
buffer 70. The channel command word also includes a
command code which the printer 12 is to execute, flags
which control execution of the channel command word
by the main channel 14 and a length of data field which
indicates the number of characters in the print line
which is comprised of the various 8 bit character code
bytes in the user print data and which 1s communicated
to the intermediate buffer 70.

Up to 204 of the character code bytes are assembled
in the intermediate buffer 70 to form a print line. 204
characters represents the maximum width of a print
line for paper of given width 1n the imaging apparatus
26. The 8 bit character codes employ a hexidecimal
representation to compact the data and are encoded
using the well-known EBCDIC code. The EBCDIC
coding of the bytes defines the characters which the
various bytes represent. The various character code
bytes stored in the intermediate buffer 70 are appled
to a translate table 72 where they are translated, one-
by-one, into corresponding graphic code bytes using
the predetermined code or algorithm of the translate
table 72. The predetermined code or algorithm of the
translate table 72 is implemented by adding each char-
acter code byte to an initial address for the table 72 and
using the resulting sum as an address for the corre-
sponding graphic code byte stored within one of the
various storage locations in the translate table 72. The
translate table 72 is capable of storing up to 256
graphic code bytes, and has a position for all possible
character codes that can come from the data process-
ing unit 16. An example of the manner in which the
translate table 72 may be set up is provided at page 57
of IBM System/{360 Principles of Operation, Form A22-
6821-6, Jan. 13, 1967, published by International Busi-
ness Machines Corporation. Each of the graphic code
bytes comprises the address of a set of character image
bits stored within one of four different writable charac-
ter generator modules 74 in the character generator 27.
As shown in FIG. 3 each 8 bit graphic code byte from
the translate table 72 comprises a first two bit field
identifying a particular one of the four different writ-
able character generator modules 74 and a second six
bit field identifying 1 of 64 different storage locations
within the selected writable character generator mod-
ule. The selection of a storage location within one of
the writable character generator modules 74 by a
graphic code byte results in a set of character image
bits stored in the particular location being used by the
imaging apparatus 26 to print a character.

The graphic code bytes from the translate table 72
are next compressed in length using a compression
algorithm 76 as they are entered into a page buffer 78
for storage therein. As previously mentioned each line
may comprise as many as 204 characters. Since a page
can have as many as 80 lines thereon for 11 inch paper,
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a page can comprise as many as 16,320 bytes. Since the
purpose of the page buffer 78 is to assemble the trans-
lated data into one or more pages, the page buffer 78
would have to have a minimum capacity of 16,320
bytes per page in the absence of compression. By using
the compression algorithm 76 however the graphic
code bytes for an average page are sufficiently reduced
in number so that an equivalent of only about 2000
bytes is required in the way of storage space for each
page in the page buffer 78.

In the present example compression is performed
whenever a succession of identical characters occurs
which has more than a predetermined number of the
characters in it. The resulting information stored in the
page buffer 78 consists of a first byte which identifies
the presence of a compression, a second byte which
Indicates the number of characters being compressed,
and a third byte which is the character being com-
pressed. An example of a compression technique which
may be used is provided in IBM Technical Disclosure
Bulletin Vol. 16, No. B, January 1974, DATA COM-
PRESSION TECHNIQUE FOR THE ELIMINATION
OF REPEATING BYTE STRINGS, M. Ojalvo.

The page buffer 78 continues to assemble the com-
pressed graphic code bytes into pages until filled. While
the page buffer 78 is only required to store at least one
complete page, it is typically provided with enough
storage capacity to store several pages as shown in FIG.
3.

In accordance with the present invention the channel
command words from the data processing unit 16 in-
clude certain modifier bits which control the vertical
format of each page. The space between lines and the
height of the characters in each line are provided by a
forms control buffer 79 in conjunction with an asso-
ciated address register 80. The forms control buffer 79
is loaded by a channel command from the main chan-
nel 14. A different forms control byte is stored in the
forms control buffer 79 for each line in a page. The
address register 80 identifies the various forms control
bytes. One bit of each forms control byte defines the
height of a corresponding line and is applied in the
character generator 27 to select the number of scan
lines used when the line is printed. Other bits in each
forms control byte define a channel number. A channel
command word defines blank lines to be inserted in a
page by specifying the numbers of channels to be
skipped to or the number of lines to be spaced. Each
time the address register 80 is incremented in skipping
to the sought channel number or spacing the specified
number of lines within the forms control buffer 79, a
special code hexidecimal FE (11111110) is entered in
the page buffer 78. When the page is being printed by
the character generator 27, each of the special codes
causes the character generator 27 to idle momentarily
so that a blank line results in the printed page. The
operation of the forms control buffer 79 and the ad-
dress register 80 is described in detail hereafter.

The compressed graphic code bytes assembled into
pages in the page buffer 78 are decompressed upon
leaving the page buffer 78 by a decompression algo-
rithm 81 which is the reverse of the compression algo-
rithm 76 prior to being passed together with data from
a modification data buffer 82 to one of a pair of line
buffers 83, 84 within the character generator 27. The
decompression algorithm 81 restores each graphic
code byte to the original form that it assumes at the
output of the translate table 72. The modification data
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6

buffer 82 stores data used in making minor changes
between copies when plural copies of the same page
are to be printed. This avoids the necessity of assem-
bling a complete page in the page buffer 78 for each
page which differs only in minor respects from a previ-
ously printed copy.

The imaging apparatus 26 of the present example
modulates a laser beam as the beam 1s scanned In raster
fashion over a character space to print each character.
Each character space is defined by a character cell
having a height defined by 24 scans of the laser beam
and a width defined by 18 bits representing the number
of times the beam can be modulated dunng each scan
of the character cell. Each set of character image bits
stored in one of the writable character generator mod-
ules 74 comprises as many as 432 bits defining the 18
horizontal bit spaces for each of the 24 different scans
of the laser beam. Accordingly the character image bits
define those portions of the grid pattern or matrix com-
prising the character cell which the particular charac-
ter to be printed comprises.

The character generator 27 i1s shown in FIG. 4 to-
gether with a portion of the imaging apparatus 26. The
graphic code bytes at the output of the modification
data buffer 82 within the instruction execution unit 24
are fed via the native channel 20 to the character gen-
erator 27 where they are received by a 1 byte holding
register 100 at the inputs of the line buffers 83 and 84.
The loading and unloading of the line buffers 83 and 84
are controlled by control electronics 102. The control
electronics 102 responds to control data fed from the
native channel 20 to cause the contents of one of the
line buffers 83, 84 to be passed to the writable charac-
ter generator modules 74 for printing while the other
line buffer is being loaded from the one byte holding
register 100, and vice versa. Accordingly the line buf-
fers 83 and 84 alternately load and print.

The four different character generator modules 74
comprise modules 114, 116, 118 and 120. The first
module 114 1s loaded with Gothic 135 pitch characters,
the second module 116 is loaded with characters con-
forming to a text 1, the third module 118 is loaded with
characters conforming to a text 2 and the fourth mod-
ule 120 is loaded with Gothic 10 pitch characters. Each
of the modules 114, 116, 118 and 120 is capable of
storing up to 64 characters. The contents of the first
character generator module 114 are graphically illus-
trated in FIG. 4 in terms of the 24 scans of 18 bits each
comprising each of the 64 characters. Two of the 18 bit
scan lines are shown for the top portion of the charac-
ter A. As previously described the bits within the mod-
ule 114 modulate a laser beam to produce the desired
character.

The imaging apparatus 26 includes a laser 130 for
providing an energy beam in the form of a laser beam
132. The laser 130 may comprise a low power Heltum
neon laser, as shown, for example, in U.S. Pat. No.
3,750,189. The laser beam 132 is reflected by a mirror
134 through a modulator 136 and onto a rotating mir-
ror 138. The modulator 136 may comprise an acousto-
optic modulator of the type shown in U.S. Pat. Nos.
3,419,322 and 3,586,120. The rotating mirror 138,
which may comprise a series of reflective facets on a
metal block as shown, for example, in U.S. Pat. No.
3,750,189, has a plurality of small mirrors spaced about
the periphery thereof so as to reflect the laser beam
from the modulator 136 into a mirror 140. The mirror

140 reflects the modulated laser beam onto a rotating
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print drum 142. The rotating mirror 138 rotates at a
selected speed to provide a rapid succession of scans of
the modulated laser beam across the print drum 142,
The modulator 136 causes the laser beam 132 to be
modulated by bits from the character generator mod-
ules 74 applied via an output data register 144 and a
nine bit serializer 146. Examples of circuits which can
be used as the nine bit serializer 146 are shown on page
9-124 of the First Edition of The Integrated Circuits
Catalog For Design Engineers, published by Texas In-
struments Incorporated. Timihg of the character gener-
ator modules 74 is controlled by a scan line select
counter 148 which is initiahized to the first scan line at
the start of each print hine. The scan line select counter
148 operates in response to scan sync signals from a
scan start detector 150 to synchronize the outputting of
bits from the character generator modules 74 with the
rotation of the mirror 138. The scan start detector 150,
which comprises a sensing device responsive to light of

10

15

laser wavelength such as a photocell, a phototransistor 20

or a photodiode of the type shown, for example, in U.S.
Pat. No. 3,750,189, generates a signal in response to
each facet of the rotating mirror 138 and therefore
signals the beginning of each scan. As each scan 1s
begun circuitry within the control electronics 102 sig-
nals the scan line select counter 148 to pick a particular
scan of a graphic in one of the writable character gen-

erator modules 74 and to begin feeding bits from one of.

the character generator modules 74 to the output data
register 144. Circuitry within the control electronics
102 keeps a count of the various character positions in
the line buffers 83, 84. At the beginning of each scan as
determined by the scan line select counter 148, the
character address register 112 causes selection of the
appropriate bits from the writable character generator
modules 74 under the control of counting circuitry
within the control electronics 102. The control elec-
tronics 102 responds to the scan sync signal at the start
of each scan to turn on the modulator 136 and the laser
130 for the next scan start.

As printing is begun the 18 bits comprising the first
scan of the first character which are temporarily stored
in the output data register 144 are advanced to the 9 bit
serializer 146 where each of the bits is senally fed to
the modulator 136 to modulate the laser beam 132 as it
scans across the first character. At this point the first
scan of the second character on the line is begun by
transferring the 18 bits of the scan via the output data
register 144 and the 9 bit serializer 146 to modulate the
laser beam. The system continues in this fashion until
the laser beam has completed the first scan of each of
the characters in the line, at which point the scan line
select counter 148 is incremented and the next scan of
the laser beam begins and is sensed by the scan start
detector 150. The resulting scan sync signal from the
scan start detector 150 causes the outputting of the
data bits for the second scan of the first character to the
output data register 144 and the 9 bit senalizer 146 to
print the second scan of the first character. The bits
comprising the second scan for each succeeding char-
acter are used to modulate the laser beam until the
second scan of the entire print line is completed. The
system continues in this fashion until the laser beam has
made 24 scans of the print line and all characters on the
line have been printed. Thereafter the process is re-
peated for each succeeding print line.

As described in detail in the previously mentioned
co-pending application, Ser. No. 522,998, the imaging
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apparatus 26 employs known electrophotographic
techniques to develop the discharged areas on the sur-
face of the drum 142 which result from the modulated
laser beam 132. The drum 142 is rotated past a devel-
oper where the surface is coated with a toner which
adheres to the discharged areas of the surface. The
toner is transferred onto a paper which comes mto
contact with the drum surface, and the paper as so
printed with the toner is advanced through a fuser to a
continuous forms stacker.

The various components of the printer 12 and the
operation thereof described thus far are described 1n
greater detail in the previously referred to co-pending
application, Ser. No. 522,998. That application goes on
to describe in detail the processing of the micropro-
gram by the instruction execution unit 24. The lowest
of the eight different prioritized levels of the micropro-
gram provides for execution of channel commands
transferred from the data processing unit 16 to the
printer 12 during an earlier and higher level. The first
of five different types of channel commands are desig-
nated ‘‘forms commands.’”’ The forms commands con-
trol the vertical format of a page via the forms control
buffer 79. The forms contro! buffer 79 which contains
control information for vertical line spacing 1s loaded
with the specifications for a paper control tape before
any transfer of data from the data processing unit 16 to
the page buffer 78 takes place. When data is trans-
ferred to the page buffer 78, contents of the forms
control buffer 79 are analyzed. When necessary blank
lines are inserted into the page buffer 78. If it is deter-
mined that a complete page is ready for printing, the
page is readied for read out to the character generator
27 and the next form within the page buffer 78 is posi-
tioned within the page buffer so as to follow the com-
pleted page.

The forms control buffer 79 consists of 96 storage
positions (one byte each) with each position corre-
sponding to a physical line on the form. One of the bits
in each byte is a “vertical space bit”’ and determines
whether the vertical spacing is to be six lines per inch or
eight lines per inch. The number of forms control bytes
transferred over the main channel 14 and entered into
the writable control storage 40 determines the length of
the forms control buffer 79. After the forms control
buffer 79 i1s loaded, spacing and skipping operations are
accomplished by blank line insertion (1 byte for each
line) in the page buffer 78. The character generator
responds to each such byte by providing an unprinted
blank line on the page.

Referring to FIG. 4 the forms control buffer 79 is
coupled through a vertical hne spacing latch 164 or
166 and a start value decoder 160 to the scan line
select counter 148. The latches 164 and 166 are re-
spectively coupled to the line buffers 83 and 84. The
output of the scan line select counter 148 in addition to
being coupled to the writable character generator mod-
ules 74 as described in connection with FIG. 4 i1s also
coupled to an end value decoder 162 coupled with the
vertical line spacing latch 164 or 166. As previously
discussed in connection with FIG. 4 the scan line select
counter 148 denotes in sequence each of the scans as
each line is printed, and thereby controls the advancing
of the appropriate character image bits out of the writ-
able character generator modules 74 to modulate the
laser beam as the various scans are made. As each line
in one of the line buffers 83, 84 is readied for printing,
the vertical space bit in the corresponding forms con-
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trol byte within the forms control buffer 79 is detected
and set into the vertical line spacing latch 164 or 166
which is coupled to the start value decoder 160 and the
end value decoder 162. If the vertical space bit denotes
that the character height of the line is to be a maximum
so that all 24 scans are used and six lines per inch are
printed, a first one of the pair of AND gates comprising
the start value decoder 160 responds by providing an
indication to the scan line select counter 148 that the
counter 148 is to begin with the first scan. The latch
164, 166 coupled to the particular one of the line buf-
fers 83, 84 from which data is about to be fed is left in
its reset state indicating that the vertical line spacing 1s
six lines per inch. The end value decoder 162 responds
to the vertical space bit indicating the maximum char-
acter height of six lines per inch by determining that the
twenty-fourth scan is to be the last scan of the line to be
printed. Thereafter the scan line select counter 148
begins the printing of the line by causing the bits corre-
sponding to the first scan of each character to be
passed via the output data register 144 and the 9 bit
serializer 146 to the modulator 136 in the manner pre-
viously described in connection with FIG. 4. When the
character generator reaches the twenty-fourth scan,
the resulting output of the scan line select counter 148
causes a first one of the pair of AND gates and asso-
ciated OR gate comprising the end value decoder 162
to determine that no more scans are to be made for that
line. An end of line signal at the output of the end value
decoder 162 is applied to the control electronics 102 to
insure that no further scans of this line buffer are made.
At this point the printing of the line is completed. The
next line buffer 83 or 84 is selected and the scan line
select counter 148 is set to the start value specified by
the vertical line spacing latch 164 or 166 associated
with the line buffer being used and the process 1s re-
peated. The start value decoder 160 responds to the
vertical line spacing latch 164 and 166 associated with
the line buffer being used what the first scan will be and
the end value decoder 162 responds similarly to deter-
mine what the last scan will be.

When the vertical space bit in the forms control buf-
fer 79 indicates that the character height is to be re-
duced to provide eight lines per inch instead of six lines
per inch, the start value decoder 160 and the end value
decoder 162 respond by selecting an intermediate por-
tion of the 24 scans so that selected ones of the scans at
the beginning and at the end of the scanning sequence
are deleted. In the present example the characters in
such a line are truncated by printing only 18 of the 24
possible scans. The first four scans and the last two
scans of the 24 scan sequence are deleted. A second
one of the pair of AND gates comprisng the start value
decoder 160 provides an indication to the scan line
select counter 148 to begin printing the line with the
fifth scan. The scan line select counter 148 responds by
causing the bits corresponding to the fifth scan of the
various characters in one of the line buffers 83, 84
being read from to be advanced out of the writable
character generator modules 74 to the output data
register 144, the 9 bit serializer 146 and finally the
modulator 136. The system sequences through the
various scans until the twenty-second scan is reached.
At this point the resulting output from the scan line
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being printed.
It will be seen that in arrangements according to the
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10

15

20

25

30

35

40

45

50

55

60

select counter 148 causes the second one of the pair of 65

AND gates and associated OR gate comprisng the end
valve decoder 162 to provide a signal to the control

electronics 102, thereby preventing the twenty-third

made up in the page buffer 78 has a height which is
independent of the character heights of other lines in
the page and which is determined by the vertical space
bit of the forms control byte in the forms control buffer
79 corresponding to the line. It is therefore possible to
intermix line heights within a given page. At the begin-
ning of each new line, the printer prints the new line at
a height determined by the corresponding vertical
space bit in the forms control buffer 79 and without
regard to the heights of preceding or following lines in
the page.

Whenever the vertical space bit corresponding to a
line about to be printed indicates that the lower charac-
ter height equivalent to eight lines per inch is to be
used, the vertical line spacing latch 164, 166 associated
with the line buffers 83, 84 containing the line about to
be printed is changed from the reset to the set state 1o
indicate that the lower line height is being used.

The forms control bytes which originate in the data
processing unit 16 are communicated over the main
channel 14 and stored in the forms control buffer 79
prior to transmission of the character code bytes over
the main channel 114 and into the intermediate bufier
70. Accordingly the forms control bytes for the various
different lines are already stored in the forms control
buffer 79 when the various lines are loaded from the
intermediate buffer 70 into the page buffer 78. Each
forms control byte has four bits which define a channel
number that the particular storage location in the forms
control buffer 79 represents. The channel command
words from the main channel 14 which control the
formation of a page in the page buffer 78 provide for
blank line formation using the forms control buffer 79
and the address register 80 in accordance with the
invention. This is accomplished by having the channel
command words define the channel number in the
forms control buffer 79 to be reached or the number of
lines to be spaced by incrementing the address register
80. The register 80 is incremented until the specified
channel number in the forms control buffer 79 1s ad-
dressed by the address register 80 or the number of
lines to be spaced have been spaced. A blank line code
designation hexidecimal FE is inserted in the page buf-
fer 78 each time the address register 80 is incremented.
Thus by specifying the locations of lines to be printed
within a page in terms of a channel number within the
forms control buffer 79 or a number of spaced lines, a
blank line symbol is entered in the page buffer 78 for
each incrementing of the register 80 between the lines
to be printed. Each code designation hexidecimal FE in
the page buffer 78 results in a blank line dunng the
printing process. This is accomplished by one of a pair
of blank line latches 180 and 182 respectively coupled
to the line buffers 83 and 84. Each time an FE code is
to be advanced to one of the line buffers 83, 84, the
associated blank line latch 180, 182 is set. When the
system looks to the line buffer 83, 84 containing the
next line to be printed, the associated blank line latch
180, 182 is examined. If the latch is set, the control
electronics will cause the character generator 27 to be
momentarily inhibited, thereby forming a blank line in
the form being printed.

The forms control buffer 79 and the address register
80 are shown in FIG. § in terms of the manner in which
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they interact with one another and with the page buffer
78. As shown in FIG. § each line being entered in the
page buffer 78 has a corresponding 8 bit forms control
byte in the buffer 79. The fourth bit of each byte which
1s the vertical space bit or line spacing bit designates
the height of the characters in the corresponding line.
In the present example a binary O represents six lines
per inch, while a binary 1 represents eight lines per
inch. This bit is used to set the vertical line spacing
latch which is utilized by the start value decoder 160
and the end value decoder 162 to determine the height
of the line as it is printed, in the manner previously
described. The remaining four bits of each forms con-
trol byte comprise the channel number. In the present
example there are twelve channels, beginning with
0000 and ending with I 100. The address register 80 has
a address position corresponding to each of the differ-
ent storage locations in the forms control buffer 79.
When a blank line is inserted into the page buffer 78
the coded hexidecimal FE is stored in the page buffer
78 to indicate a space or skipped blank lines. Blank
lines are inserted in the page buffer 78 as necessary to
accomplish the spacing or skipping function required
by the channel command. Thus if the command is to
write and space three lines, the print lines are stored In
the page buffer 78 following which two blank lines are
inserted into the page buffer 78. If the channel com-

mand 1s to write and skip to a particular channel in the.

forms control buffer 79, then many blank lines may be
inserted into the page buffer 78 until the address regis-
ter 80 encounters the channel to be skipped to. For
example, if the command is to skip to channel 6 in the
forms control buffer 79, the forms control buffer ad-
dress register 80 must be incremented three positions
to reach channel 6. As illustrated in F1G. § the process
of incrementing to channel 6 produces three blank
lines in the page buffer 78. This is provided by the three
codes FE which are inserted into the page buffer 78 as
the address register 80 is incremented by three lines.

While the invention has been paticularly shown and
described with reference to a preferred embodiment
thereof, 1t will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the spirit and scope of
the invention.

What is claimed is:

1. An arrangement for printing characters of variable
height represented by received data comprising:

buffer means;
means responsive to the received data for assembling

the data into a page comprised of plural lines in the
buffer means,

means responsive to the received data for providing a

separate identification of desired character height
for each of the lines of the page;

means responsive to the received data arranged into

a page 1n the buffer means for printing on a me-
dium the characters represented by the data, one
line at a time; and

means responsive to the identification of desired

character height for each line for providing the
characters in the line with the desired height as the
line is printed.

2. The 1invention defined in claim 1, wherein the
received data comprises character bytes, each of which
defines a character to be printed, and vertical control
bits, each of which defines desired character height for

a different hne.
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3. The invention defined in claim 1, wherein the
means for printing includes means for repetitively scan-
ning the medium with an energy beam and means for
modulating the energy beam in accordance with char-
acters to be printed, the energy beam being modulated
in accordance with a different group of modulation
data for each scan of the medium by the means for
repetitively scanning, and the means for providing the
characters in a line with the desired height as the line is
printed comprises means for selecting the number of
scans to be made by the energy beam to print the line.

4. An arrangement for printing characters of variable
height, each of the characters being represented by a
different segment of digital character data, comprising:

means for providing an energy beam:;

means for repetitively sweeping the energy beam

across an energy sensitive medium 1n successive
scans, each scan being displaced from the immedi-
ately preceding scan along the length of the me-
dium;

means for storing different groups of modulation

information, each group defining a particular char-
acter in terms of modulation of each of a plurality
of scans of the energy beam across the energy sen-
sitive medium and comprising a predetermined
number of rows of modulation bits;

means responsive to a plurality of the different seg-

ments of digital data representing a line of charac-
ters to be printed for modulating the energy beam
during successive scans of the energy sensitive
medium in accordance with the groups of stored
modulation information defining the characters in
the line, a different row of modulation bits of the
stored modulation information being used for each
of the successive scans of the energy sensitive me-
dium;

means for storing a plurality of different segments of

digital forms control data, each segment of digital
forms control data defining the height of the char-
acters in a different line to be printed; and

means responsive to the segments of digital forms

control data for a line of characters for selecting
the number of scans of the energy beam to deter-
mine the height of characters in the line of charac-
ters as the energy beam is modulated by the groups
of modulation information to cause printing of the
line of characters.

5. The invention defined in claim 4, wherein each
segment of digital forms control data defines the num-
ber of scans of the energy beam to be used in printing
a different line.

6. The invention defined in claim 5§, wherein each
group of modulation information contains modulation,
information for a succession of scans, and each seg-
ment of digital forms control data defines either the full
succession of scans or an intermediate part of the full

succession of scans.
7. An arrangement for printing characters in re-
sponse to character data representing lines of charac-

60 ters to be printed and channel commands representing

65

blank lines, comprising:

storage means,

means responsive to receipt of the character data by
said arrangement for assembling the character data
into plural lines in the storage means to define a
page;

register means having a plurality of different data
storage locations therein corresponding to the lines
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of a page to be printed, and responsive to each
channel command representing a blank line to be
successively incremented to a data storage location
therein designated by said channel command;

means responsive to each incrementing of the regis-
ter means for entering a special code into the stor-
age means identifying a blank line within a page to
be printed; and

means for sequentially accessing the character data

stored 1n the storage means for printing characters
represented thereby on a medium, one line at a
time, said means for printing being responsive to
each special code in the storage means to leave a
blank line on the medium.

8. The invention defined in claim 7, wherein the
means for entering a special code into the storage
means includes means for storing plural segments of
forms control data, each segment corresponding to a
line to be entered in the storage means, and the register
means 1s operative to address different segments of
forms control data in the means for storing and in-
cludes means responsive to a channel command repre-
senting a blank line for incrementing the register means
to address an identified segment of forms control data,
and means responsive to each incrementing of the reg-
1ster means for entering the special code into the stor-
age means.

9. The invention defined in claim 7, wherein there
are a plurality of storage locations in the storage means,
each of the storage locations being adapted to receive
a different line of the page, and the register means 1s
incremented a selected number of times in response to
each channel command representing a blank line.

10. An arrangement for printing characters in re-
sponse to character data representing characters to be
printed and channel commands for instructing the op-
eration of the arrangement for printing, comprising:

means for temporarily storing the character data, the

character data being arranged into blocks;

forms control means for storing a separate item of

data corresponding to each block of character data
to be stored in the means for temporarily storing,
the forms control means including means respon-
sive to each channel command to advance to one
of the separate items of data for inserting a special
code in the means for temporarily storing as the
one of the separate items of data is advanced to;

and,
means coupled to the means for temporanly storing

for printing characters represented by the charac-
ter data, one block at a time, the means for printing
leaving a blank block in response to each special
code stored in the means for temporarily storing.

11. The invention defined in clam 10, wherein the
means for printing includes means for receiving and
storing data from the means for temporarily storing,
one block at a time, means responsive to each block of
character data stored in the means for receiving and
storing for printing characters represented by the block
of character data, and means responsive to each special
code in the means for receiving and storing for causing
the means for printing characters to be inhibited long
enough to print a blank block.

12. The invention defined in claim 11, wherein the
means for receiving and storing includes buffer means
coupled to the means for temporarily storing, and the
means for causing the means for printing characters to
be inhibited includes latch means coupled to change
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state in response to entry of a special code in the buffer
means.

13. The invention defined in claim 10, wherein the
forms control means includes forms control bufter
means for storing a plurality of different items of data,
each item corresponding to a different possibie block
of character data to be stored in the means for tempo-
rarily storing and being stored in a different position
therein, incrementable address register means being
incrementable between the different positions of the
forms control buffer means to address a particular item
of data stored in the forms control buffer means, means
responsive to each channel command to address a par-
ticular item of data for successively incrementing the
address register means to the position of the forms
control buffer means in which the particular item of
data is stored, and means responsive to each iIncre-
menting of the address register means for storing a
special code in the means for temporarily storing.

14. The invention defined in claim 13, wherein each
block of character data comprises a control byte identi-
fying the nature of the block and a plurality of charac-
ter bytes, each of which represents a different charac-
ter in the block to be printed, and each special code
comprises a control byte identifying the presence of a
blank block.

15. An arrangement for printing characters n re-
sponse to character data representing characters to be
printed and forms control data specifying the height of
characters to be printed and the locations of blank lines
in the characters to be printed, comprising:

means for storing the forms control data;

buffer means;

means responsive to the character data for assem-

bling the data into the plural lines in the buffer
means to define a page;

means responsive to forms control data specifying

the locations of blank lines for inserting items of
coded data in the page where blank lines are to

OCCur;
means responsive to the page of character data for

printing on a medium the characters represented
by the data, one line at a time;

means responsive to forms control data specifying

the height of characters in each line to be printed
independent of other lines to be printed for provid-
ing the characters in the line with the desired
height as the line is printed; and

means responsive to each item of coded data in the

page for leaving a blank line on the medium.

16. The invention defined in claim 18, wherein the
means for storing the forms control data comprises a
forms control buffer having a plurality of different
storage locations therein, each of which corresponds to
a different line of the page in the means for storing the
page of character data, the forms control data com-
prises a plurality of bytes, each of which is stored in a
different one of the storage locations in the forms con-
trol buffer and includes a first portion thereof specify-
ing the height of the characters in the corresponding
line of the page and a second portion thereof specifying
a channel number, and an address register being incre-
mentable between the different storage locations of the
forms control buffer to address the bytes stored
therein, and wherein the means for inserting items of
coded data in the page includes means responsive to
external commands for incrementing the address regis-
ter through selected storage locations, and means re-
sponsive to each incrementing of the address register

for inserting an item of coded data in the page.
* L %* * i
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